Dihydrofolate synthetase and folylpolyglutamate synthetase: direct evidence for intervention of acyl phosphate intermediates.
The transfer of 17O and/or 18O from (COOH-17O or -18O) enriched substrates to inorganic phosphate (Pi) has been demonstrated for two enzyme-catalyzed reactions involved in folate biosynthesis and glutamylation. COOH-18O-labeled folate, methotrexate, and dihydropteroate, in addition to [17O]-glutamate, were synthesized and used as substrates for folylpolyglutamate synthetase (FPGS) isolated from Escherichia coli, hog liver, and rat liver and for dihydrofolate synthetase (DHFS) isolated from E. coli. Pi was purified from the reaction mixtures and converted to trimethyl phosphate (TMP), which was then analyzed for 17O and 18O enrichment by nuclear magnetic resonance (NMR) spectroscopy and/or mass spectroscopy. In the reactions catalyzed by the E. coli enzymes, both NMR and quantitative mass spectral analyses established that transfer of the oxygen isotope from the substrate 18O-enriched carboxyl group to Pi occurred, thereby providing strong evidence for an acyl phosphate intermediate in both the FPGS- and DHFS-catalyzed reactions. Similar oxygen-transfer experiments were carried out by use of two mammalian enzymes. The small amounts of Pi obtained from reactions catalyzed by these less abundant FPGS proteins precluded the use of NMR techniques. However, mass spectral analysis of the TMP derived from the mammalian FPGS-catalyzed reactions showed clearly that 18O transfer had occurred.